Purpose Colorectal cancer (CRC) incidence has declined over the past two decades; however, these declines have not occurred equally in all populations. To better understand the impact of CRC among Hispanics, we examined incidence trends by age and Hispanic ethnicity. Methods Using data from the National Program of Cancer Registries and the Surveillance, Epidemiology, and End Results Program, we estimated CRC incidence rates during the period 2001-2014, and across all 50 U.S. states. We estimated incidence rates in younger (age < 50 years) and older (age ≥ 50 years) adults by anatomic subsite and stage at diagnosis, separately for non-Hispanic Whites and Hispanic Whites. Results CRC incidence rates declined among older (age ≥ 50 years) Whites and Hispanics, but Whites experienced a greater decline (31% vs. 27% relative decline among Hispanics). In contrast to older adults, there were continued increases in CRC incidence from 2001 to 2014 among younger (age 20-49 years) adults. The largest relative increases in incidence occurred in Hispanics aged 20-29 years (90% vs. 50% relative increase among Whites). Conclusions Opposing incidence trends in younger versus older Hispanics may reflect generational differences in CRC risk by birth cohort, as well as environmental exposures and lifestyle-related risk factors associated with immigration and acculturation.
Introduction
Colorectal cancer (CRC) incidence and mortality in the U.S. have changed strikingly over the past two decades. Incidence declined annually by 3% from 2001 to 2010 [1] , with similar declines in mortality. The largest declines have occurred in older adults (age ≥ 50 years) and among nonHispanic Whites [2] . These improvements are often attributed to increasing uptake of CRC screening [3, 4] , as well as declines in the prevalence of certain risk factors (e.g., smoking) [5, 6] .
However, declines in CRC incidence have not occurred equally in all populations. Compared to Whites, Blacks have experienced smaller declines in incidence and present more frequently with metastatic disease [7, 8] . Numerous studies have demonstrated Black-White differences in CRC-related outcomes, including screening and early detection [9, 10] , follow-up of abnormal screening results [11] , and receipt of curative treatment [12] . By comparison, less is known about disparities between Hispanic and non-Hispanic populations. Information on cancer trends in Hispanics has historically been limited due to concerns about misclassification and cultural differences among ethnic subgroups [13] . Because Hispanics are the fastest growing minority group in the U.S. [14] , characterizing cancer incidence trends in this population has become increasingly important.
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The online version of this article (https ://doi.org/10.1007/s1055 2-018-1077-1) contains supplementary material, which is available to authorized users. At the same time, CRC incidence is actually increasing in younger adults [15] [16] [17] . Incidence has increased in this population (ages 20-49 years) from 8.6 per 100,000 in 1992 to 12.0 per 100,000 in 2014-a 40% relative increase [18] . It is possible that the rising incidence of young-onset CRC may disproportionately burden Hispanics given differences in the age distribution relative to the total U.S. population. Nearly, 60% of the U.S. Hispanic population are "millennials," i.e., younger than 35 years, whereas only 40% of nonHispanic Whites belong to the same age group [19] . Further, a higher proportion of young Hispanics were born in or have lived longer in the U.S. than older generations [20] , which, given the associations between birthplace and other cancer types [21] [22] [23] , may increase risk of CRC. To better understand the clinical and public health implications of CRC in Hispanics, particularly as it relates to young-onset disease, we examined incidence trends by age and Hispanic ethnicity using cancer registry data across all 50 U.S. states.
Methods
We derived incidence of invasive CRC from the National Program of Cancer Registries (NPCR) and Surveillance, Epidemiology, and End Results (SEER) program during 2001-2014. Combined NPCR and SEER include cancer incidence and population data for all 50 states in the United States (including the District of Columbia), with demographic and tumor characteristics available for more than 22 million incident cancer cases [24] .
We estimated age-adjusted incidence (to the 2000 U.S. standard population) with SEER*Stat version 8.3.5 as incidence per 100,000 persons. Corresponding 95% confidence intervals were calculated as modified gamma intervals [25] .
To illustrate trends, we plotted CRC incidence rates across 10-year age groups (20-29 to 70-79, 80+) in each calendar year. We also calculated absolute change in incidence as the difference in rates from 2001 to 2014, and the relative change in incidence as the absolute change expressed as a percentage of the 2001 rate, for each 10-year age group.
To account for differences in incidence by age, we estimated incidence rates in younger (age 20-49 years) and older (age ≥ 50 years) adults by anatomic subsite and stage at diagnosis, separately for non-Hispanic Whites (Whites) and Hispanic Whites (Hispanics). Anatomic subsites included proximal colon (cecum, ascending colon, hepatic flexure, transverse colon), descending colon (splenic flexure, descending colon, sigmoid colon), and rectum (rectosigmoid junction, rectum) according to the International Classification of Disease for Oncology, 3rd edition. We defined stage at diagnosis using SEER summary staging, where localized disease is limited to the large bowel, regional is limited to nearby lymph nodes or other organs, and distant is systematic metastasis. Hispanics are identified in cancer registry data by the NAACCR Hispanic/Latino Identification Algorithm (version 2.2.1), which uses Spanish/Hispanic origin, last name, maiden name, birthplace, and race to indirectly and directly assign ethnicity [26] .
We conducted sensitivity analyses examining incidence trends by Hispanic subgroup. Because country of ancestry/origin is only reported for cases (i.e., not population denominators), we categorized states by majority Hispanic subgroup (Mexican, Puerto Rican, Cuban, Central American, South American, Dominican) according to 2010 U.S. Census [27] . As above, we plotted CRC incidence rates by 10-year age group across calendar years, separately for each Hispanic subgroup.
Results
A total of 1,565,527 incident CRC cases were diagnosed in Whites, and 126,728 in Hispanics during the period 2001-2014. Across all age groups, incidence was 62.6 per 100,000 and 54.5 per 100,000 among Whites and Hispanics, respectively. Detailed incidence rates by Hispanic ethnicity, age (± 50 years), anatomic subsite, and stage at diagnosis are available in Supplementary Tables 1 and 2. CRC incidence (all ages combined) declined from 2001 to 2014 (Table 1 ). In both Whites and Hispanics, declines in incidence were limited to older adults (age ≥ 50 years). Whites experienced a greater decline: 31% (76.4-52.9 per 100,000) compared to 27% among Hispanics (64-46.7 per 100,000). In contrast to adults over the age of 50 years, there were continued increases in CRC incidence from 2001 to 2014 among younger adults (Fig. 1) . Among those age 20-49 years, incidence rates increased from 9.8 per 100,000 in 2001 to 12.2 per 100,000 in 2014, a 24% relative increase. Although we observed increases in young-onset CRC among both Whites and Hispanics, we noted some differences between the two groups when stratified by 10-year age group. For example, among persons aged 20-29 years, incidence increased by 90% among Hispanics (from 1.0 to 1.9 per 100,000) versus 50% among Whites (from 1.6 to 2.4 per 100,000). In contrast, incidence increased by 24% (from 21.2 to 26.3 per 100,000) among Whites aged 40-49 years but remained stable (18.6-18.1 per 100,000) among Hispanics in the same age group (Table 1) .
Incidence of proximal and distal colon cancer decreased from 2001 to 2014 for both older Whites (Fig. 2a) and Hispanics (Fig. 2b) , with smaller declines in the incidence of rectal cancer. Although Whites consistently had higher overall (and age-specific) CRC rates than Hispanics, they had similar rates of distal colon and rectal cancers in more recent years. In younger Whites, incidence of rectal cancer increased during the study period (34% increase, from 3.8 to 5.1 per 100,000), with smaller increases in proximal and distal colon cancers (Fig. 2c) . For young Hispanics (Fig. 2d) , the largest increases in incidence occurred in the distal colon (14% increase, from 2.2 to 2.5 per 100,000), and there was little to no change in the incidence of proximal colon or rectal cancer.
Among older (age ≥ 50 years) Whites, incidence of local, regional, and distant disease decreased from 2001 to 2014 (18.5-42.5% decrease, Fig. 3a) . Older Hispanics experienced similar declines in CRC incidence by stage at diagnosis, although of smaller relative magnitude (Fig. 3b) . In 2014, the most recent year with available data, older Whites and Hispanics had similar rates of distant CRC (25.9 per 100,000 Whites vs. 24.3 per 100,000 Hispanics). A higher incidence of local disease in older Whites accounted for almost all of the difference in overall CRC rates between Whites and Hispanics. In younger populations, incidence of local, regional, and distant disease increased in both Whites (Fig. 2c) and Hispanics (Fig. 2d) , with no appreciable differences by ethnicity.
In subgroup analyses of CRC incidence trends by sex (male vs. female), incidence was consistently higher among men than women. However, younger Hispanic women had higher rates of distal colon cancer than Hispanic men. This difference declined from 2001 to 2014 because distal colon cancer rates remained stable among Hispanic women (at around 2.8 per 100,000) but increased by 35% among men (from 1.7 to 2.3 per 100,000) (Supplementary Tables 3 and  4) .
Sensitivity analyses by Hispanic subgroup (Supplementary Fig. 1 ) show higher age-specific incidence rates in states with majority Cuban and Puerto Rican populations and lower rates in states with a majority Mexican population.
Discussion
Across all 50 U.S. states, we observed smaller declines in CRC incidence among older Hispanics compared to Whites. In contrast to older adults, CRC incidence increased from 2001 to 2014 in both younger Whites and Hispanics, with particularly large relative increases among Hispanics age 20-29 years. Our findings support generational or birth cohort differences in cancer risk that may be due to acculturation and time in the U.S. [28, 29] .
Older Hispanics experienced smaller declines in CRC incidence over time compared to Whites, perhaps due to differences in screening uptake. National data consistently show a lower proportion of age-eligible Hispanics are up-todate with CRC screening than Whites [30] [31] [32] [33] [34] . In 2015, only 47% of Hispanics reported recent CRC screening compared to 64% of non-Hispanics, with even larger differences by period of U.S. residence (65% among U.S. born vs. 36% among those in the U.S. for < 10 years) [35] . Other factors, such as low educational attainment, lack of insurance, and no usual source of health care [36] , which are common among Hispanics, are also associated with CRC screening [31, 37] . There may also be differences in cultural and health beliefs contributing to screening, for example, Hispanics frequently report medical mistrust [38] . Slower declines in CRC incidence, combined with low screening uptake, underscore the importance of screening outreach interventions targeted to Hispanic populations, such as those in community health centers [39] [40] [41] and safety-net systems [42, 43] . We observed opposing CRC incidence trends in the oldest and youngest age groups, with larger relative increases in incidence among young Hispanics but lower age-specific rates in older Hispanics compared to Whites. These opposing trends may reflect generational differences in CRC risk by birth cohort, as well as environmental exposures and lifestyle-related risk factors associated with immigration and acculturation [44] . For example, CRC incidence rates in U.S. Hispanics are higher than those in most Latin American countries, suggesting that changes in risk factors that occur after migration to the U.S. may increase risk [28] . The large relative increases in CRC incidence in younger Hispanics parallel the higher incidence of other gastrointestinal cancers, including gastric cancer [45] , gallbladder cancer [46] , and hepatocellular carcinoma [47, 48] , in this population relative to Whites. Shared risk factors (e.g., obesity [49] , type II diabetes [50] ) may contribute to an excess disease burden, particularly among younger Hispanics or those born in the U.S. Exploring the synergistic effects of acculturation, birthplace, and time in the U.S., across both generations and time, may better identify mechanisms driving these differences.
CRC incidence rates increased by 90% among the youngest age group of Hispanics (20-29 years). Data from the Texas Cancer Registry similarly show incidence increased annually by up to 3% from 1995 to 2010 among Hispanics age 20-39 years (Texas is home to 20% of the U.S. population) [51] . Quickly rising incidence rates are concerning given the large absolute number of Hispanics falling into this age category-about 26.5 million [52] . Although incidence rates are slightly lower in Hispanics than Whites, CRC could disproportionately affect young Hispanics because of differences in the age distribution of each population. About 26% of U.S. Hispanics are between ages 18 and 33 years compared to 20% of Whites [19] . As the population of young Hispanics living in the U.S. continues to grow, understanding the distribution of CRC and other cancers in this population group may inform prevention strategies.
We also found ethnic differences in incidence by anatomic subsite in younger age groups. Among Whites, increases in young-onset CRC have been primarily driven by increases in rectal cancer; however, among Hispanics, increases have been driven by higher rates of distal colon cancer. Differences in incidence by anatomic subsite make a strong case for teasing apart risk factors for colon versus rectal cancer. Most etiologic studies group colon and rectal cancers together as a single disease, but very few have examined risk factors separately or how race/ethnicity may further modify associations by subsite. Variations in cancer registry reporting standards and misclassification may also explain these differences. Prior studies of CRC mortality have documented challenges distinguishing death from colon versus rectal cancer [53, 54] .
Prior studies have demonstrated differences in CRC incidence among Hispanics by country of origin, whereby Puerto Ricans and Cubans tend to have higher incidence than Mexicans [29, 55] . Data concerning country of origin/ancestry are only available in NPCR data for cases but not population denominators; however, our sensitivity analysis by Hispanic subgroup shows higher rates among Puerto Rican-and Cuban-majority states. Birthplace data are also frequently missing in cancer registries [56] , and differences in cases with and without missing data may systematically bias estimates in minority populations [57, 58] . Further, undocumented Hispanic immigrant populations in the U.S. could potentially artificially inflate incidence rates because only permanent residents or citizens may be counted in population denominators [28] . These challenges underscore the importance of continued work to characterize cancer risk and develop new methods to account for missing data.
An important strength of our study is using the entire U.S. population to estimate incidence. Combined NPCR and SEER data offer a number of advantages for conducting epidemiologic research because participating registries have a defined population, and the NPCR program includes registries with a high proportion of Hispanics (e.g., Texas, Florida, New York, Arizona) that do not participate in SEER. The large size and diversity of registry populations allowed us to estimate trends in Hispanics by age, stage at diagnosis, and anatomic subsite. To our knowledge, this is the first study of CRC incidence trends using these national data.
In summary, our study provides important evidence that CRC incidence has declined among older Hispanics, although at a slower rate than Whites. Incidence rates have increased among younger Whites and Hispanics, and the largest relative increases in incidence have occurred among the youngest (age 20-29 years) Hispanics. Understanding generational differences in CRC risk factors, as well as differences by immigration and acculturation status, may improve our understanding of cancer in this rapidly growing population.
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